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' lMEQBMmUQ_ DEL\VERY therapy 

HELDOFthf IhfVFMTIQN 

s un fo nJl S , lnVen ? n ^ ,0 3 d ° Sa9e f0mi th9t Pr ° VideS a ~a,,y 
^dehveryofdrugoveranextendedperiodoftime. More particular,/ 
he , nvent.cn concerns a dosage form that provi d es a Known and cont t ' 
rug re,ea Se pattern tor an indicated therapy. The invention reiates a.so t 
a osage form that provides a controiied-constant and uniform deiivery o 
10 a kn own dose of drug over time. 



11 

12 

13 
14 
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BACKRRni / N p of thf i NVFMTrn 



A critical need exists fo, a dosage fornt for the controlled and unifom, 

Pharmacy and medicine, a drug is administered in convention^ 
» P^aceutica, fornrs. such as tablets and capsules. These conventional 

orms de„ver ,he,r drug by dumping end m ,eads to uneven dosing of drug 
» .o uneven blood levels o, drug characten 2 ed by peaKs and valleys and 

- a ^~<<°e~^^ 

Thepnorart provided dosage forms for continuous therapy 

- P- exampte. in United Sfa.es Pat No 4,327.725 issued ,o Codese 

" » 1 7«r- and ; united Ste,es p «- nos 4 ' 6,2 '°° e ' 

. fol H 10 W ° n9 ' Barc ' ay ' De ' ere a " d TI — • "osage 

" Z h ' hat ^ ,h8raPy * a " —» P-ure 

■ns,de the dosage form. The dosage fo™ ofthese patents operate 

» nd r e r t as a nonuni,orm ™ in ,he d ™ 9 

can shut d S '° P ^ 3 *» ' hal *■ "» «— • »>» 

31 can shut-down intermittently. 
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1 It is immediately apparent, in view of the above presentation, that an 

2 urgent need exists for a reliable dosage form. The need exists for a dosage 

3 form endowed with properties for delivering a drug at a substantial and 

4 uniform rate over time. The need exists also for a dosage form substantially 
s free-of-deviation in its release-rate profile, that delivers the needed dose of 

e drug with a reduced amount of drug left in the dosage form at the end of the 

? delivery period. It will be appreciated by those knowledgeable in the drug 

e dispensing art, that is novel and unexpected dosage form is made available 

9 that provides a substantially uniform and known drug-release profile, free of 

10 the tribulations of the prior art, such a dosage form would represent an 

11 advancement and a valuable contribution in the drug dispensing art. 

12 

13 OBJECTS OF THE INVENTION 

14 

15 Accordingly, in view of the above presentation, it is an immediate 

is object of the invention to provide a dosage form that delivers a drug in a 

17 substantially uniform dose to a biological drug receiving environment over 

18 an extended drug-delivery therapy time. 

19 Another object of the invention is to provide a novel dosage form that 

20 substantially avoids administering a drug in a nonuniform and varying rate 

21 and therefore exhibits substantially the same dose-dispensing rate over time. 

22 Another object of the invention is to provide a dosage form that 

23 delivers a predetermined and prescribed dose in the same manner over time 

24 while simultaneously lessen the amount retained or the residual drug left in 

25 and not delivered from the dosage form. 

26 Another object of the invention is to provide a drug composition of 

27 matter comprising drug particles of 5 urn to 150 ^m, micron, and hydrophilic 

28 polymer particles of 5 \im to 250 ^im t characterized by the drug particles and 

29 the hydrophilic polymer particles functioning together to provide a uniform 
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- and nonvarying rate of retease of both substantially-free of a deviation and 

• substan.ially.frae of a deorease in the rate of the release over time 

» * no,hero ^'"«"«inven, i on i s,oprovideadosa g efom,oo m phsin g 

a membrane that surrounds a drug core comprising drug particles of 1 ,o 
' 50 pm and hydrophilic polymer partictes of 1 to 250 pm, parties which 

• are co-delivered from the dosage fen. through an exit formed by a process 
r setected from the group consisting of a drilled exit, a bioerosion exit 

• a leaching exit a sotubilizing exit, and an exit famed by rupture 

Another object of the invention is to provide a dosage form comprising 
membrane comprising a semipermeable composflion that surrounds a core 
« comprising a dreg layer comprising drug partic.es of 1 to 150 pm and potymer 
" PartiCteS °' 1 10 250 -* a ^Placement layer comprising an 
■3 osmopolymer-nydroge, ma, imbibes fluid, hydrates and increases in swelting 
« volume and thereby disptaces the drug iayer through an exit membrane 
selected from an exit in the group consisting of an orifice, passageway, pore 
micreporous channel, porous overiay. porous insert, micropore, micreporous 
membrane and porepassageway. 

Another object of the invention is to make available a process for 
providing a substantially uniform and substantially nonva^ing drug deiivery 
program from a dosage fore,, wherein the process comprises the steps of 
selectrng dreg particles of 1 to 150 pm. selecting hydrophilic polymer particles 
of to 250 pm. blending the selected particles into a dreg.po.ymer core, and 
surrounding the core with a membrane comprising means for delivering the 
dreg from the core in a substantialiyuniform and substantially-nonvarying rate 
of release over a period of time up to 30 hours. 

Another object of the invention is to provide a dosage form for 
delivering a drug to human, wherein the dosage form comprises a drug 
composition comprising 0.05 ng to 1.2g of dreg having a particle size of 
1 .0 150 pm. and a hydrophilic polymer having a partide size of 1 .o 250 pm 
a push composition that imbibes fluid and expands for pushing the drug 
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composition from the dosage form, a wall that surrounds the drug and the 
push composition and is permeable to the passage of fluid, an inner coat that 
surrounds the drug and push compositions positioned between the inside 
surface of the wall and the drug and push compositions for governing fluid 
imbition into the drug and push compositions for 30 minutes to 4 hours and 
30 minutes, and at least one exit means in the wall for delivering the drug 
composition at a uniform and nonvarying rate over time. 

Other objects, features, and advantages of the invention will be more 
apparent to those versed in the dispensing art comprising medicine and 
pharmacy from the following detailed specification taken in conjunction with 
the accompanying claims. 



BRIEF DFSCRIPTION of t H f FR 'RF^t 

Figure 1 illustrates the drug release rate variation with a drug 
possessing a particle size of 2 to 900 microns in the presence of a polymer 
possessing 25% and more of greater than 250 micron size. 

Figure 2 illustrates the drug release rate variation from a dosage 
form with a drug size of less than 1 50 micron in the presence of a polymer 
possessing 25% and more of greater than 250 micron. 

Figure 3 illustrates pronounced decrease in the variation of the 
drug release rate when the dosage form comprises a drug size of less than 
150 micron accompanied by a polymer size of less than 250 micron. 



DESCRIPTION OF THF IKIVFNTIOKI 



The following examples are illustrative of the invention and they 
should not be considered as limiting the invention in any way, as these 
examples and other equivalents thereof will became apparent to those 
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versed in the dispensing art in the light of the present specifrcation and 
the accompanying claims. 



EXAMELEJL 



10 

11 



13 
14 



dosage form for deiivering a drug oraily to the gastrointestinal tact of 

W 5 1" 72° ^ ° f drU8 ' S *"» " ^ - «-* 
rs, 5 mg „ 135 ^ amlod . p|ne ^ a ^ ^ 

blended wito a 5% solution of po,y(vi„y, pyrro ,idone) of 30.000 number 
average molecular weight available from General Aniline and Film 
Corporation. New York. New York, in a fluid bed processor. Then the 
« ufanutoted product is combined with 7.5 mg o.235 „m a po* (afcylene 
» oxKte, a po,y<ethy,ene oxide,, of ,75.000 number average molecuiar weigh, 
avarlabto from the Union Carbide Corporaflon. Danbury. Connecticut, 0.5 mg 
« of sodrum chloride and 0.02 mg a stearic add, and blended to provide a 
.- homogenous blend, by blending 35 rpm for 7 minutes. The homogenous 

- blend ,s compressed Wo a drug composfllon and surrounded wito a wall 
» compnsing a semipermeable composition and an exit forming agem 

The wall composition comprises 65 wt% celtulose acetate having an 

- ^»n,en,of34%anda30.000numberaveragemo,ecu l arweigh, 
" r' Ved aCe, ° nKWa,er ' ,0 whfch " ■« " and 1.5 WW sodium 

chionde are added with sflrring constanfly. The drug composition is sp ra yed 
in a fluked bed air suspension coater to provide ,0% w, wall. The dosage 
form dried a, 25°C for ,8 hours. The dosage form .leases ,he amlod toine 

i !rr r a nonva,yin9 ra,e ,hrou9h "*■»*■»* *»»«• » ** m 

« of the sodrum chlohde in the gastrointestinal fluid of the patient 
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EXAMPLE 2 



The procedure of the above example is followed in this example, 
wherein in the present example the drug is selected from the group consisting 
of 5 mg of lisinopril indicated as an angiotensin converting enzyme inhibitor, 
10 mg of buspirone hydrochloride indicated as an antianxiety drug, and 5 mg 
of oxybutynin hydrochloride indicated for relief of bladder instability, and 
wherein the lubricant is magnesium stearate and the semipermeable wall 
9 comprises mannitol. 

10 



11 

12 
13 
14 
15 



EXAMPI F 3 

A dosage form for the osmotically and hydrokinetically controlled 
release of a beneficial drug is made as follows: first, to a mixing bowl is 
added 500 mg of the oral antibacterial ciprofloxacin hydrochloride of 
125 microparticle size followed by the addition of 105 mg of sodium 
carboxymethylcellulose of 22,000 number average molecular weight of 
135 micron sizes and the ingredients mixed for 3 to 5 minutes to yield a 
homogenous mix. Next, 10 mg of 88 microcrystalline cellulose of 11,000 
number average molecular weight is added to the mixing bowl and 0.05 mg 
of drug delivery surfactant sodium lauryl sulfate added to the bowl and all 
the ingredients mixed for 5 minutes. Then, an aqueous solution containing 
7.5 mg of poly(vinylpyrrolidone) of 30,000 number average molecular weight 
is added with mixing and the resulting mixture is passed through an extruder 
onto a small tray and let dry overnight. The granulation is dried for 5 hours at 
50°C and 0.03 mg of lubricant added with mixing for 1 minute. A solid fluid 
imbibing osmotic care is prepared in tablet press with a concave punch. 

Next, an internal subcoat, drug free, is prepared comprising 94 wt% 
hydroxyethylcellulose of 90,000 number average molecular weight and 6 wt% 
polyethylene glycol in distilled water is coated around the drug composition 
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and the subcoated drug composition is dried for 1 hour at 45°C Then an 
outer coat comprising a semipermeable composnion and a pore-passageway 
former is prepared by adding cellulose acetate of 39.43% acetyl content to a 
cosolvent of methytene ehioride and methanol to yield a solution effected by 
strrnng and wanting. Next, the pore-former sorbitol is added to a cosolvent of 
water and methanol with mixing followed by adding polyethylene glycol ,o 
produce the outer coating solution. Finally, the outer coating solution is 
coated around the subcoat in a pan coater and then dried for 18 hours a, 

C " 3 f0rced air men - «° 1"* "» -eslred dosage form. The dosage tarn 
rn operation in the gastrointestinal fluid of a human in need of drug therapy 
provides a uniform and nonvarying-order of drug release through exa 
passageways of controlled porosity effected by the fluidic leaching of the 
soluble pore-forming additive incorporated in the semipermeable outer coat 
The cooperation of the drug particles and the hyd-ophilic potymer particles ' 
provides a viscous gel that pushes the drug through the exits at the 
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EmAELEA 



The procedure of the above example is followed, with the proviso in 
th,s example the therapeutic member is se.ected from the group consisting of 
40 mg of simvastatin for lowering cholesterol. 75 mg of venlafaxine 
ant-depressant. 20 mg of fluoxetine antidepressant. 20 mg of antiangina. 
n.fed,p,ne. 40 mg of lovastatin indicated for lowering cholesterol. 20 mg of 
enalopnl maleate an angiotensin converting enzyme inhibitor. 120 mg of 
d.lt.azem for managing calcium ion influx. 500 mg of ciprofloxacin 
hydrochloride an antibacterial. 100 mg of sertraline hydrochloride an ora. 
2s ant,depressant. 100 mg of cyclosporin an immunosuppresant. 1 mg of 
» terazosin hydrochloride an a.pha-adrenoceptor blocker. 50 mg of sumatriptan 
ao succinate a 5-hydroxytryptamine receptor agonist. 40 mg of pravastatin 
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sodium a hypolipidemic, 500 mg of an anti-HIV-proteinase inhibitor such as 
nelfinavir, saquinavir, indinavir, or ritonavir, an anti-HIV such as zidovudine, 
didanosine. or lamivudine, a reverse transcriptase inhibitor such as loviride, 
an antiviral herpes such as fumciclovir or gancidovir, 10 mg of alendronate 
sodium for treating osteoporosis, and 2.5 mg of conjugated estrogen 
indicated for the treatment of vasomotor symptoms associated with 
menopause, atrophic vaginitis and osteoporosis loss of bone mass. 



9 EXAMPt F s 

10 

1 1 A dosage form for the oral uniform and nonvarying release of a drug 

12 to a biological drug receptor is manufactured as follows: first, 6000g of 
verapamil hydrochloride, indicated for the treatment of angina and high 
blood pressure, having nonuniform particle size distribution between 
1 micron to 900 micron, 3047g of polyethylene oxide) having a number 
average molecular weight of 300,000 and having 25% particles greater 
than 250 micron, 500g of sodium chloride and 100g of poly(vinylpyrrolidone) 
having a number average molecular weight of 40,000 are added to a 

19 Freund Flo-Coater's bowl, a fluid bed granulator. The bowl is attached to 
the Flo-Coater and the granulation process is initiated. Next, the dry powders 
are air suspended and mixed for five minutes. Then, a solution prepared by 
dissolving 300g of poly(vinylpyrrolidone) having a number average molecular 
weight of 40,000 in 4,500g of water is sprayed from 2 nozzles onto the 

24 powder. The coating conditions are monitored during the 

25 poly(vinylpyrrolidone) solution spraying as follows: a total spray rate of 

26 240 g/min from each nozzle, an inlet temperature of 45°C, an airflow of 

27 1 000 cfm. The coating process is computerized and automated in cycles. 

28 Each cycle contained 30 seconds of solution spraying followed by two 

29 seconds of drying and 1 0 seconds of filter bags with shaking to unglue 

30 any possible powder deposits. At the end of the solution spraying period. 
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25 m,nu.es. The machine is turned off, end the coated granules are 

3 -ovedfremthecoater. The coated granufes are sized using al air mi,, 

4 ^ 9ranU ' a,i0n * '° a mixer, mixed and lubhcated wWl s 0a of 

5 ~ m *"~ - »*- w«h <, o, buty,a,ed hydmxyCne 
« Provide the drug composition. toluene, to 

.' M /aT/o' r T^' 808 ™ «"P—" * P-pa-ed as fo,,ows: 

M. 7342g of Mytemylene oxide, possessing a number average 
• molecular weigh, of 7 minion. 20 00g of sodium chloride. 200g of 

r rr p :'r e,hy,cei ' u ' ose ° f um — — - ^ 

100, -** feme oxide a re added ,o the Freund Fio-Coater-s bow, 

HZ 1 ^ W9S are * su ^ed and mixed for 
six m,nu,es. Then, a solulion is prepaid by dissolving 300g of 

y^propyimethytcenutose having a number average molecu.ar weigh, of 
powder m,x. The coabng condWons were monitored during the 

rnZTr m ? ICel ' UteSeSPrayin90MhaS0lUtiO " condone am 
den ,ca, ,o ,hose described in <he above drug granule process excep, 

^••f"'**— .-aan*^ Thegranu^powdeZ 

- steir ■ an " Wi ' h 5 °a ° f " 

» r 8 9raTO ° f ^ **"**"» <° ^ .he push- 

« displacement composition. 

» i„, h N8X, ' ,hadnJ9COmposi,ion e'«'»'epushcomposl«on are compressed 
T redCOre ' Fire, ' 300m -'^^eompos 8 ioncompdsin 9 
100 mg of ,he push dispfceemen, oompos.cn is added ,o ,he punch and , e 
■ ^ers pressed under a pressure of 2200 pounds in.o a ,3/32 inch (, 0* 1, 
" < " ameterco "'eo,ing.bi.ayereda ra ngemen, ' 
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1 Next, the bilayered core is coated with a subcoat. Thesubcoat 

2 comprises 95% hydroxyethylcellulose of 90,000 number average molecular 

3 weight and 5% polyethylene glycol of 3350 average molecular weight. The 

4 ingredients are dissolved in water to make a 5% solid solution. The subcoat 
s forming composition is sprayed onto and around the bilayer core in a 24 inch 
e Vector Hi-Coater. The dry subcoat weighed 79 mg. 

7 Next, the hydroxyalkylcellulose, a hydroxyethylcellulose, a subcoated 

a bilayered cores are over coated with a semipermeable composition. The 

9 overcoat membrane forming composition comprises 60% cellulose acetate 

10 having an acetyl content of 39.8%, 35% hydroxypropylcellulose of 40,000 
n number average molecular weight and 5% polyethylene glycol of 3350 avg. 

12 molecular weight is dissolved in methylene chloride: methanol (90: 1 0 wt:wt) 

13 cosolvent to make a 4% solid solution. The semipermeable membrane 

14 forming composition is sprayed onto and around the subcoated bilayer core. 
The semipermeable membrane, after drying weighed 43 mg. 

Next, two 27 mil (0.686 mm) exit passageways are drilled through the 
outer semipermeable membrane and the inner subcoat to connect the drug 
layer with the exterior of the dosage form. The residual solvents are removed 
by drying for 96 hours at 50°C and 50% humidity. Finally, the dosage forms 
are dried for 2 hours at 50 e C to remove any excess moisture. 

The dosage form manufactured by this procedure comprises a drug 
composition with a weight of 300 mg, consisting of 180 mg of verapamil 
hydrochloride, 91.41 mg of poly (ethylene oxide) of 300,000 molecular weight. 
12 mg of poly(vinylpyrrolidone) of 40,000 molecular weight, 15 mg of sodium 
chloride, 0.12 mg of butylated hydroxy toluene and 1.5 mg of magnesium 
stearate. A push-displacement composition that weighs 100 mg consisting of 
73.5 mg of polyethylene oxide) of 7,000.000 molecular weight 20 mg of 
sodium chloride, 5 mg of hydroxypropylmethylcellulose of 1 1.200 molecular 
weight, 0.92 mg of black ferric oxide, 0.08 mg of butylated hydroxytolune and 
0.5 mg of magnesium stearate. The dosage form subcoat weighed 78.8 mg 
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1 cons.st.ng of 74.86 mg of hydroxyethylcellulose of 90.000 molecular weight 

* and 3.94 mg of polyethylene glycol of 3350 molecular weight. The outer wall 
3 we.ghed 42.6 mg consisting of 25.56 mg of cellulose acetate of 39 8% acetyl 
« content. 14.90 mg of hydroxypropylce.lulose of 40.000 mo.ecu.ar weight and 

* 2.13mgofpo.yethy.eneg.yco.of3350molecu.arweight. This dosage form 

* had a (dm/dt), mean release rate of 18.6 mg/hr between the fourth and 
7 ninth hour. 

The delivery pattern for the dosage form prepared by this example is 
•Hustrated In figure 1. |„ figure 1 , the nonunlfom , varjab||i|y ^ ^ fe 
» seen over the steady portion illustrated by the line starting at zero and 
« extended to .he right of the figure. The release rate variation is for a drug 
« having a 1 to 900 micron partiole size released in the presence of a 
» hydrophilic polymer having greater than 25% particles larger then 250 micron 
« The solid line depicts the % deviation from the total mean release rate 
« The mean retease rate for a given dosage form is expressed by the number 
« along the line starting at zero. In the figure No. 1 the erratic behavior is 
» seen because the dosage form lacks uniform particles of a limited range 
-. The erratic behavior is characterized by a substantial deviation of individual 

- ^stam from the mean (dosage form, steady state release rate performance 
» Th,s erratic behavior phenomena is attributed to the inability of the hydrophilic 
» Polymer, the polyethylene oxide), to cany and suspend large drug 

» part,des.(the verapamil hydrochloride), the difference in the hydration time 
» between the large and small drug particles, and the larger hydrophiiic poiymer 

- Pamelas greater man 250 micron, which significantly changes the hydration 
and the drug suspending properties of the drug compositional layer that 
resulted into a large percent negative deviation in the (dm/dt), from the 

» (dm/dt),. The expression (dm/dt), denotes the total mean release rate for all 

- dosage forms in the zero portion, (dm/dt), denotes the mean release rate of 

- an individual dosage form in 4 to 9 hours, and (% dev), denotes the percent 



25 
26 



WO 97/37640 



12 



PCT/US97/04495 



1 deviation in an individual dosage form mean release rate, (4 to 9 hours) from 

2 the total mean release rate. The figure reports results obtained from the 

3 following equation: 

4 

» (%dev) = fdm/dt) i -(dm^t) t 

6 (dm/dt), 

7 

8 EXAMPLFfi 

9 

0 A dosage form for the delivery of a drug orally to a human is prepared 

1 as follows: first 6000g of verapamil hydrochloride having a particle size of 

2 less than 1 50 micron, 3047g of polyethylene oxide) possessing a number 

3 average molecular weight of 300,000 with 25% particles larger than 

4 250 micron, 500g of sodium chloride, 100g of poly(vinylpyrrolidone) having 

5 a number average molecular weight of 40,000 are added to the bowl of a fluid 
bed granulator. The granulation is carried out for 7 to 10 minutes. Next, the 
dry powders are air suspended and mixed for five minutes. Then, a solution 
is prepared by dissolving 300g of poly(vinylpyrrolidone) of 40,000 number 
average weight in 4,500g of distilled water is sprayed from 2 nozzles onto the 
dry powder. The coating conditions are monitored during spraying as follows: 
a total spray rate of 240 g/min from each nozzle, an inlet temperature of 45°C 
and a process airflow of 1000 cfm. The coated process is automated in 
cycles. Each cycle consist of 30 seconds of solution spraying followed by 
two seconds of drying and 10 seconds of filter bags shaking to unglue and 
possible powder deposits. At the end of the solution spraying time, the 
coated granulated particles are continued with the drying process for 
25 minutes. The machine is turned off, and the coated granules were 
removed from the coater. The coated granules are sized using a fluid air mill, 
the granulation is transferred to a mixer, mixed and lubricated with 50 grams 
of magnesium stearate and mixed with 4g of butylated hydroxytoluene to 
provide the drug composition used for forming a layer in the bilayer core. 
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Next, a push composition is prepared as follows: first 7342q of 

3 2 7' e,hV ' ene " 7MMa — »• ~ weigh, 2000g 

3 "'^-^^e.ao^ofhydroxvpropviroe^,,^^^^^ 2 ^ 

» nebowiofaflutfbedgranufefor. The granulation process „ started and the 
^-areairsuspendedandrnixedforen^u,^ Thrall? 

11 ^ m0leCUla '^ h ' * «00g of waters is sprayed 

. du nr S ^ endedP0Wderm ^ The -^ conditions are .onLr, 
d nn .he sprays and the physic* condKons are Entice, as described 
or the above drug granulation, except tha, the drying cycle was te ss than 
25 mrnutes. The granulated powders are removed from the granuiator 
The granules a re sized in a fluid air mil,. ,hen transferred , 0 a blender and 
ubncated while mixing with 50 g o, magnesium stearate and 8g of b ty 1 
hydroxytoluene to yield ,he push composition. 

Next, the drug composition and the push composition are pressed into 
. ayered core, with the iayers in contacting arrangement. Firs, 4 00 mg of 
he rug compost 240 mg of verapam(| ^ 

o a a btet punch and tamped, than ,35 mg of the push compost is added 
*> »>e punch and the layers are pressed under a pressure head of 2300 
pound in a me inch ,1.,, cm) diameter contacting, bitayered arrangement 

95. ydroxya,Mcel, Uto se. a (hydroxyethylceliulose, of 90.000 m 0te cu,ar 
wergh and 5% polyethylene glycol of 3350 moiecular weigh., disced in 
water to provide a 5% solid solution. The subcoa, forming composition is 

27 weighed 93 mg. *uDcoai 
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Next, an outer coat is applied to the dosage form. The subcoated 

2 bilayered-core tablets are coated with a semipermeable-membrane wall. 

3 The membrane forming composition comprises 60% cellulose acetate having 

4 a 39.8% acetyl content, 35% hydroxypropylcellulose of 40,000 molecular 
s weight and 5% polyethylene glycol of 3350 molecular weight. The wall 

forming composition is dissolved in methylene chloride:methanol (90:10 wt:wt) 
cosolvent to make a 4% solid solution. The semipermeable-membrane wall 
forming composition is sprayed onto and around the subcoated bilayer core 
in a coater to provide a two-coated dosage form. The semipermeable 

10 membrane dry weighed 51 mg. 

1 1 Next, two 27 mil (0.686 mm) exit passageways are drilled through the 
outer and inner coats to connect the drug layer with the exterior of the dosage 
form. The residual solvents are removed by drying for 96 hours at 50°C and 
50% humidity. Then, the osmotic dosage forms are dried for 2 hours at 50°C 

15 to remove excess moisture. 

16 The dosage form manufactured by this procedure comprises a drug 

1 7 composition with a weight of 400 mg, consisting of 240 mg of verapamil 

18 hydrochloride, 121 .88 mg of polyethylene oxide of 300,000 molecular weight, 

19 1 6 mg of poly(vinylpyrrolidone) of 40,000 molecular weight, 20 mg of sodium 

20 chloride, 2 mg of magnesium stearate and 0.16 mg of butylated 

21 hydroxytoluene. The push composition of the dosage form weighed 1 35 mg 

22 and consists of 99.23 mg of poly(alkylene oxide), polyethylene oxide) of 

23 7,000,000 molecular weight, 27 mg of sodium chloride, 6.75 mg of 

24 hydroxypropylmethylcellulose of 1 1 ,200 molecular weight, 1 .24 mg of 

25 ferric oxide, 0.675 mg magnesium stearate, and 0. 1 08 mg of butylated 

26 hydroxytoluene. The inner subcoat weighed 93.1 mg and consists of 

27 88.45 mg of the hydroalkylcellulose. hydroxyethylcellulose of 90,000 

28 molecular weight and 46.55 mg of polyethylene glycol of 3350 molecular 

29 weight. The outer coat weighed 51 . 1 mg and consists of 30.66 mg of 

30 cellulose acetate of 39.8% acetyl content, 1 7.89 mg of hydroxypropylcellulose 
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OM0.000 motecular weigh, and 2 . 57 m9 of pachytene glycol of 3350 
wefcht. The dosage form prepared by „, 

m *an release rate o, 27 mg/hrdurtng hours 4, o 9. 

The drug delivery pattern for the dosage form prepared by this 

mventron is seen in drawing figure 2 In flour* >«, „ 

depicted for the dosaoe JL n ° nUn,f ° m Vanab " ) ' is 

by a subs,a2 ^ erra " C ^ behaVi ° r is 

by a substantial and pronounced deviation of IndivWua, dosage forms from 

he m d form steady state ra(e perfwmance ^ ™*» 

hydraoon and me drug carrying abliNy and suspension properties of the 
expression (dm/dt), from the expression (dm/dt),. 

EXAMPI f 7 



.act ofir 96 *" ^ de "^ ° ,a ° ral " to lhe aastrointestina, 
Tact ofahuman ,n need of drug ,herapy fe p rep ared as fo,^- firs , 6000o 

- 3 ^ °"»W^ oxide, of300.000 molecular weigh, and having a ' 

- partrcle o, 250 or smaller microns. 500g of powdered sodium chlol , 00a o, 

* P 0| y(wylpyrrolidone)havinaa40 0on mn ,» , . umchlonde ' 100 9°' 
„„„ , a 40.000 molecular weight are added to a coaler 

» and granulated in air for five minutes n»v, . , u . 

, minutes. Next, a solution s prepared bv 

muw ot iuoo cfm. The sprayinq is effeetprf in 

• — i srsrrr 
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50g of magnesium stearate and with 4g of butylated hydroxytoluene, to 
yield the drug composition. 

Next, a push displacement composition is prepared as follows: 
first, 7342g of polyethylene oxide) of 7,000,000 molecular weight, 2000g 
of sodium chloride, and 2000g of hydroxypropylmethylcellulose of 11,200 
e molecular weight, and 100g (grams) of black ferric oxide are added to the 
bowl of a fluid bed granulator. The granulation is started and the powders 
mixed for six minutes. Then, a solution is prepared by dissolving 300g of 
9 hydroxypropylmethylcellulose of 1 1 ,200 molecular weight in water and 

sprayed onto the air suspended particles. The coating process is as 
1 1 described above. The granules are sized in a fluid air mill and transferred to 
a blender, and blended with 50g of magnesium stearate and 8g of butylated 
n hydroxytoluene, to yield the push-displacement composition. 

Next, the drug composition and the push composition are compressed 
into a bilayered tablet as follows: first, 400 mg of the drug composition 
containing 240 mg of verapamil hydrochloride is added and tamped, then it 
is overlayed with 135 mg of the push composition, and the two compositions 
pressed under 2300 pounds into a 7/16 inch (1.11 cm) diameter contacting, 

19 bilayered arrangement. 

20 Next, the compressed bilayer tablets are coated with a subcoat 

21 laminate. The subcoat comprises 95% hydroxyethylcellulose of 90,000 

22 molecular weight and 5% polyethylene glycol of 3350 molecular weight 

23 dissolved in distilled water to make a solid solution. The subcoat forming 

24 composition is sprayed onto and around the bilayered tablet in a coater 

25 to provide an encompassing laminate. The dry subcoat weighed 93 mg 

26 Next, the subcoat is overcoated with a semipermeable wall. 

27 The semipermeable composition comprises 60% cellulose acetate having 

28 an acetyl content of 39.8%. 35% hydroxypropylcellulose of 40,000 molecular 

29 weight and 5% polyethylene glycol of 3350 average molecular weight. 
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The wall-forming composition is dissolved in a me,hylene-chloride:me.hanol 
(90.10 wtwt) cosolven, to make a 4% soiid solution. The semipermeable 
overcoat is sprayed onto and around to encase the subcoat. The 
semipermeable wall weighed 51 mg. 

Next,iwo 27 mil (0.686 mm) exit passageway are dritted through the 
dual oats to connect the drug tayer with the exterior of the dosage form 
The residual solvents are removed by drying for 96 noure a, 50 'C and ' 
50% humidKy. Next, the osmotic, fluid xnbibing dosage forms are dried 
for 2 hours at 50°C to remove excess moisture. 

The dosage form prepared by this example embraces the same 
composition as the example immediately above, except for the controtted 
drug padicte size and the contnMted hydrophilic potymer particle size in the 
drug composition. Thia double particle con.ro, produces aubstantially unifom, 
dose d,spensing. substantially-free of a wide variafion in the dose dispensing 
pattern. Accompanying figure 3 depicts the drug delivery pattern forthis 
example. The figure depicts a release rate of (dm/dt), equal to 27.g mg/hr 
dur,n g hours4,o 9 . The figure itlustrates ,ha. a nonuniform variably is no. 
observed for .he dosage form provided by .his example. 

EXAMPI F n 



A dosage form prepared according to Example 6 wherein the drug in 
» the dosage torn, is a calcium channel blocking drug selected from the group 

* »" sis '"'9e'^dipine.nilvadipine.flunanzine,nimodipine,dilfiazem 
■ mcardipine, nifedipine, nisoldipine. filodipine. amlodipine. cinnarizine 
26 and fendiline. 
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EXAMPI F a 

The procedure described in the above is repeated in this example, 
with the processing conditions as previously set forth, except that, in this 
example the drug is an angiotensin converting enzyme inhibitor selected 
from the group consisting of alacipril, benazepril, cialzepril, captropril, 
delapril, enalapril, fosinopril, lisinopril, moveltypril, perindopril, quinapril, 
ramipril, spirapril, and zofenopril. 

EXAMPI F 10 

The procedures of the above examples are followed in this example 
with the addition of the drug and is protected against oxidative attack and 
oxidation by adding to the processing drug composition 0.05 ng to 7 mg of an 
antioxidant selected from the group consisting of d-alpha tocopherol, dl-alpha 
tocopherol, d-alpha tocopherol acetate, d-alpha tocopherol acid succinate, 
dl-alpha tocopherol acid succinate, dl-alpha tocopherol palmitate, ascorbic 
acid, ascorbyl oleate, ascorbyl palmitate, butylated hydroxyanisole, butylated 
hydroxytoluene, sodium ascorbate, calcium ascorbate, and propyl gallate 
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EXAMPI F 11 



The procedures of the above examples are followed in this example 

25 with an addition to the drug composition comprising 0.05 ng to 7 mg of an 

26 antioxidant stabilizer and 0.05 ng to 7.5 mg of a lubricant selected from the 

27 group consisting of magnesium stearate, calcium stearate, magnesium 

28 oleate, magnesium palmitate. corn starch, potato starch, bentonite. citrus 

29 pulp, and stearic acid; and, with all the ingredients in the drug composition 
so when expressed in weight percent equal to 1 00 wt% weight percent. 
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EXAMPI F 1? 

The procedures of the above examples are followed in this example 
wth an addition to the drug composition of means protection the drug against 
dayhght and u.travio.et light; wherein, the addition comprising adding to the 
drug composition 0.01 mg to 10 mg of surface-active agent selected from 
an.on.c, cationic. amphoteric and nonionic surfactants including dia.ky, 
sod.um sulfosuccinate, polyoxyethylene g.ycerol. polyoxyethylene steary, 
ether, propoxy-ethoxy copolymer, polyoxyethylene fatty alcohol ester 
Polyoxyethylene fatty acid ester, ethoxylated hydrogenated castor oil.' and 
butoxylated hydrogenated castor oil; and adding to the drug composition 
0.01 mg to 10 mg of riboflavin to stabilize the drug against light. 

AQQiiiQNAL Difir.i QSi [BE QE Tl If INVENTION 



In the specification and in the accompanying claims, the term 
n beneficial agent also includes drugs. The term drug includes any 
« Physiologically or pharmacologically active substance that produces a local 
« or a systemic effect, in animals, including warm-b.ooded mammals, humans 
o and pnm ates; avians, household, sport, and farm animals; laboratory animals- 
fishes; reptiles; and zoo animals. The ten, "physiologically" as used herein ' 
» generally denotes the admjnistration Qf g dpug {q ^ ^ 

drug levels and functions. The term "pharmacologically" denotes generally 
» venations in response to the amount of drug administered to a host. The drug 
I 5 7 be in Vari ° US formS SUCh as "tanged mo.ecu,es, molecular complexes 
Pharmacologic^ acceptable salts such as hydrochloride, hydrobromrde ' 
» sulfate, laurate, palmitate, phosphate, nitrite, nitrate, borate, acetate, maleate 
» tartrate, oieate, salicylate, and the like. For acidic drugs, salts of metals ' 
am.nes, or organic cations, for example quarternary ammonium can be used 
Denvativesofdrugs.suchasbases.esterandamidecanbeused Adrug ' 
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that is water insoluble can be used in a form that is water soluble derivative 
thereof, or as a base derivative thereof, which in either instance or in its 
delivery by the osmotic system, is converted by enzymes, hydrolyzed by the 
body pH, or by other metabolic processes to the original therapeutically active 
form. The amount of drug in a dosage form, that is, in the drug composition is 
25 ng to 750 mg. The dosage form comprising the drug can be administered, 
once, twice, or thrice daily. 

The active drug that can be delivered includes inorganic and organic 
compounds without limitation, including drugs that act on the peripheral 
nerves, adrenergic receptors, cholinergic receptors, nervous system, skeletal 
muscles, cardiovascular system, smooth muscles, blood circulatory system, 
synoptic sites, neuroeffector junctional sites, endocrine system, hormone 
systems, immunological system, organ systems, reproductive system, 
skeletal system, autocoid systems, alimentary and execretory systems, 
inhibitory of autocoids and histamine systems, and physiological systems. 
The active drug that can be delivered for acting on these animal systems 
includes depressants, beta-blockers, hypnotics, sedatives, psychic 
energizers, tranquilizers, anti-convulsants. muscle relaxants, steroids, 
antiparkinson agents, analgesics, anti-inflammatories. polypeptides, local 
anesthetics, muscle contractants. anti-microbials, antimalarials, hormonal 
agents, contraceptives, sympathomimetics, diuretics, anti-parasitics, 
neoplastics, hypoglycemics, ophthalmics, electrolytes, diagnostic agents, 
cardiovascular drugs, calcium channel blockers, angio-tensin-converting 
enzyme inhibitors, and the like. 

Exemplary of drugs that can be delivered from the dosage form of 
this invention include a drug selected from the group consisting of amifostine. 
prochlorperazine edisylate. ferrous sulfate, aminocaprioc acid, potassium 
chloride, mecamylamine hydrochloride, procainamide hydrochloride, 
amphetamine sulfate, benzphetamine hydrochloride, isoprotemal sulfate, 
methamphetamine hydrochloride, phenmetrazine hydrochloride, bethanechol 
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■ chlonde. methacholine chloride, pi,ooarpi„ e hydrochloride, antropine sulfate 
» ™thascopo,amine bromide, isopropamide iodide, tridihexethy, chloride 
^ Phenformin hydrochloride, methyiphenidate hydrochloride, oxprenolol ' 
« hydrochloride, rhetroprolo, tartrate, dmetidine hydrochloride, diphenidol 

• mecliz™ hydrochloride, prochlorperazine maleate, phenoxybenzamine! 
tNethylperzine. maleate. anislndone, diphenadione erythriryl teramuate 

> dl202i "- i ^ophate.rese^„e,acetazolamide. m ethazolamide ' 
. bendroflumenthiazide, chtorpropamide. tolazamide, chtomradinone acetate 

• Phenaglycodol, allopurinol. aluminum aspirin, methotrexate, acetyl 
-o suffisoxazle. erythromycin, progestins, estrogenic pragrestational 

corticosteroids, hydrocortisone acetate, cortisone acetate, triamcinolone 
methyltesterone. 17p-estradio,, ethinyl esbadiol. ethinyl estradiol 3-methy, 
ether, prednisolone, 17-hydroxyprogesterone acetate. IWprogesterone 
norgestrel, norethindone. norethiderone. progesterone, nongestrone " ' 
orethynodrei. aspirin, indometaacin, aproxen. fenoprofen. sulidac. diclofenac 
■ndoprofen, nitroglycerin, propranolol, metroprolol. vallproata, oxyprenolol 
tmolol, atenolol, alpreholol. dmehdine, donidine. Mpramine, levodopa ' 
chloropropmazine, resperine, methyldopa. dihydroxyphenyllalanine 
prvatoy.oxye.hy1 ester of s-methyldopa hydrochloride, .heophylline. catoium 
gluconate fenous lactate, ketop rofe „, ibuprofen, cephalexin, erythromycin, 
halopenodol. zomepirac, yinoamine, diazepam, phenoxybenzamine 
P-blockmg agents; calcium-channel blocking drugs such as nifedipine 
ditoazem, is ra dipine. nifedipine verapamil, flunarizine. nimodipine, fel'odipine 
amiodipine. cinnarizine and fendiline; angiotensin converting enzyme 
■nhtotors setected from the group consisting of angiotensin converting 
enzyme inhtoiters that are essentially free of sulfur, angiotensin converting 
enzyme inhibitors containing a sulfhydryl group, angiotensin converting 
enzyme inhibitors containing a linear sulfide, angiotensin converting enzyme 
inhibitors containing a cyclic sulfide angtotensin converting enzyme inhibitors 
eonta.in.ng a methylsuKony, group and angiotensin enzyme inhibtors 
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represented by a member selected from the group consisting of ramipril, 
fosinopril, altiopril, benazepril, libenzapril, alacepril, citazapril, cilazaprilate, 
perindopril, zofenopril, enalapril, lisinopril, imidapril, spirapril, rentrapril, 
captopril, delapril, alindapril, indolapril, and quinapril; propranolol, naproxen, 
phenylpropanolamine, glipizide, venlafaxine, and beneficial drugs known to 
the dispensing arts in Pharmaceutical Sciences 1990, edited by Remington 
18th Edition published by Mack Publishing Co., Easton, PA; Physicians' Desk 
Reference, 50th Edition, (1996) published by Medical Economics Co., 
Montvale, NJ, and, USP Dictionary, 1995, published by the United States 
Pharmacopeial Convention, Inc., Rockville, Maryland. 

The dosage form of the invention is provided with at least one exit 
means. The exit means cooperates with the drug core for the uniform and 
substantially nonvarying drug-dose release from the dosage form. The exit 
means can be provided during manufacture of the dosage form, or the exit 
means can be provided during drug delivery by the dosage form in fluid 
environment of use. The expression exit means, as used for the purpose of 
this invention, included a member selected from the group consisting of 
passageway, aperture, orifice, bore, pore, micropore, porous element 
through which a drug can be pumped, diffuse, travel, or migrate, a hollow 
fiber, capillary tube, porous insert, porous overlay, microporous member, 
and porous composition. The expression includes also a compound or 
polymer that erodes, dissolves or is leached from the outer coat or wall, 
or from the inner coat to form at least one exit, or a multiplicity of exits. 
The compound or polymer includes an erodible poly (glycolic) acid or 
poly (lactic) acid in the outer or inner coats, a gelatinous filament, 
a water-removable poly (vinyl alcohol), a teachable compound such as 
a fluid removable pore-former selected from the group consisting of an 
inorganic, organic, acid, salt, oxide, and carbohydrate. An exit or a plurality 
of exits can be formed by leaching a member selected from the group 
consisting of sorbitol, lactose, fructose, glucose, mannose, galactose, talose, 
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od,um chlonde. potassium chloride, sodium citrate, and mannito,; to provide 
u„do™-re,ease dimensioned permit means. The exit means can have 
any shape such as round, triangular, square, eliipUca, and the me for the 

; f ^~ re<,do -- l -ecfadn Jg( rom,hedosa g e f om,. Thedosage 
torn can he constructed w»h one or more than one exfls in spaced apart 

rhe n o o er o ir ,hanonesur,aceo,,hedosa9efo ™- ™— — 

«n n performed hy dri„i„g inciuding mechanica, and iaser driiiing through 

ex*s .re d,sc,osed ,n U.S. Pat. Nos. 3.845,770 and 3.9,6.899 hy TheeuvL 
» and H,guchi; in U.S. Pat. Nos. 4.063.084 hy Saunders, e, ai; and in U sTa 
" No. 4.088,864 by Theeuwes et al Exit m=.„. • • 

»h,„~, .. . ™es.etal. Exit means compnsmg dimension, sized, 
shaped and adapted aa a ieteasing-pore formed hy aqueous teaching to 
provide a drug releasing pore are disclosed in U.S. Pat. Nos. 4 200 008 
and 4.285.987 by Ayer and Theeuwes. ' ' 

The particles used for the purpose of this invention are produced by 
■= comminution that produces the size of the drug and the size oft he 
accompanying hydrophilic polymer used according to the mode and the 

- -anner of the invention. The means for producing partictes include spray 
dotmg, sieving, iyophiiizatlon. sieving, crushing, grinding. je , mining 

- ~ng and chopping to produce the intended micon particle sfce 

The process can be performed by size Auction equipment such aa 
* m.cropulverizer mill, fluid energy grinding mil,, grinding mi,., rotter mil, 
» hammer mil,, atttlon mi,,, chaser mil,, bal, m,„, vibraflng ban mi„. impact 
« pulver^er mi, centrfluga, puivertze, coarse cosher and flne croshe, 
The size of the particle can be ascertained by screening including 9 rizz,y 
sc-een. fl* screen, vibrating screen, revolving screen, shaking screen 

oscllating screen and rec^rocating screen. The processes and the ' 
equipment for paring p, rtictes are .„ Pnarma „„^ 

STTT 17m Ed - P9 ' 1585 - 1594 ' (,985,: e^^T^ 

UMdtfiOS. by Peny, Sixth Edftion. pg. 21-13 to 21-19 (, 98 4,; JsmaUl t 
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Pharmaceutical Sciences , by Parrot, Vol. 61, No., 6, pg. 813 to 829 (1974); 
and Chemicai Fn^j nff ^ r by Hixon, pg. 94 to 103. (1990). 

In accordance with the practice of this invention, it has now been found 
the dosage can be provided with a semipermeable wall, also identified for 
the purpose of this invention as an outercoat. The semipermeable wall is 
permeable to the passage of an external fluid such as water and biological 
fluids, an it is substantially impermeable to the passage of a beneficial agent, 
as osmogent, an osmopolymer, and the like. The selectively semipermeable 
compositions used for forming the wall are essentially non-erodible and they 
are insoluble in biological fluids during the life of the dosage form. 

Representative polymers for forming the wall comprise semipermeable 
homopolymers, semipermeable copolymers, and the like. In one presently 
preferred embodiment, the compositions comprise cellulose esters, cellulose 
ethers, and cellulose ester-ethers. The cellulosic polymers have a degree 
of substitution, D.S. of their anhydroglucose unit from greater than 0 up 
to 3 inclusive. By degree of substitution is meant the average number 
of hydroxyl groups originally present on the anhydroglucose unit that 
are replaced by a substituting group, or converted into another group. 
The anhydroglucose unit can be partially or completely substituted with 
groups such as acyl, alkanoyl, alkenoyl, aroyl, alkyl, alkoxy, halogen, 
carboalkyl, alkylcarbamate, alkylcarbonate, alkylsulfonate, alkysulfamate, 
semipermeable polymer forming groups, and the like. 

The semipermeable compositions typically include a member selected 
from the group consisting of cellulose acylate, cellulose diacylate, cellulose 
triacylate, cellulose triacetate, cellulose acetate, cellulose diacetate. cellulose 
triacetate, mono-, di- and tri-cellulose alkanylates, mono-, di-, and tri- 
alkenylates, mono-, di-, and tri-aroylates, and the like. Exemplary polymers 
include cellulose acetate have a D.S. of 1.8 to 2.3 and an acetyl content of 
32 to 39.9%; cellulose diacetate having a D.S. of 1 to 2 and an acetyl content 
of 21 to 35%, cellulose triacetete having a D.S. of 2 to 3 and an acetyl content 
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- 34 to 44.8%. and the „ k e. More .pacific ceiluiosic powers include 
c*,ose propionate having a D s of 1 8 a 

3 cel,ulo -ace«a.ep ro p to na»eh a vi„ ga „aceMco„,en,of,.5,o7%andan 

• acetyl co„,e„, of 39 „ 42%; cefiuiose aetata p ropionate ha ^ ^ 

* -'«o, 2 . 5t0 3 % ,anave ra9 ep r opion y ,co„ t e„ tof 3, 2to45 9 % ^ 
content o, 2.8 to ,4%; ^ aceta(e ^ " * « 

em. an ac*y, content of 13 to ,5%. and a bu W content of 34 to 39%- 
ce« toseace^ bulyrate having an acetyl content o,2 to 29%, a bulyry, ' 
-tan, of 7 10 53%. and a hydroxy, contenl of 0 , „ 4 J% . 

mandate, cellutose Wpalmitata. cellulose Moctanota, and cellulose 
- np ropionale: eMm ^ hayjng a D & o<2 2 (o 2 e 

^•-"•-dipa lmtet ,ce,,„,osedioc,noa,e.^ 
and he „Re; moced cefiulose esters such as cefiulose acetate va,e ra ,e 
ceWose acetate succinate, cefiutose propionate succinate, ceiiulose acetate 

» r ;:ir : va,era,e — • - - 

n b!s h P °' yme,S ^ ° S "* N °' «™ and .hey 

*n be synthase by proeedures described ,, En£y£laE£diai!t£ ^ 

20 'nterscence Publishers, Inc.. New York. 

" „ Addi "° nal POlVners for fencing the outer wal, comprise 

«. acetaldehyde dimemy, acetate; ceilulose acetate ethylcarbanrate 
* ««oae acetate m e t hy,oa*an,a,e;co,,u,osed i n,a %tem i„oace,a te . ' 

- To™ T** semipermeaole po, ~ s; 

" oirr " renes: cross " ,inked semip — bte 

- ornted by the cop^p^ of a ^ an(j , ^ 

m U.S. Pat. Nos. 3,73.876; 3,276,586,- 3,54,.0O5; 3,541,006; and 3.546 ,42 

- sem,permeable polymers as disclosed by Loebet alinUS Pa. 

- No 3,133.132; semipermeable polygene derivatives; semipermeabte 
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poly (sodium styrenesulfonate); semipermeable poly 
(vinylbenzyltremethylammonium chloride); semipermeable polymers, 
exhibiting a fluid permeability of 10' 5 to 10" 2 (cc. mil/cm hr.atm) expressed 
as per atmosphere of hydrostatic or osmotic pressure differences across a 
semipermeable wall. The polymers are known to the art in U.S. Pat. 
Nos. 3,845,770; 3,916,899; and 4,160,020; and in HandhnnW nf r. m mn 
Eojymeis, by Scott, J.R., and Roff, W.J., 1971, published by CRC Press, 
e Cleveland, Ohio. 

s The subcoat of the invention is in contacting position with the 

10 inner surface of the semipermeable wall, which outer semipermeable 

11 wall surrounds and encases the inner subcoat. The inner subcoat is 

12 0.01 mm to 3 mm thick and it comprises a member selected from 
group consisting of hydroxyalkyl, hydroxyethylcellulose, 
hydroxyisopropylcelluose, hydroxybutylcellulose, and hydroxyphenylcellulose. 
The hydroxyalkylcellulose comprises a 9,500 to 1,250,000 number average 

16 molecular weight. 

17 The drug composition comprised a hydrophilic polymer for providing 
in the drug composition a hydrophilic polymer particle that contributes to the 
uniform and nonvarying drug delivery pattern. Representatives of these 
polymers comprise a member selected from the group consisting of a poly 
(alkylene oxide) of 100,000 to 750,000 number average molecular weight 
including poly (ethylene oxide), poly (methylene oxide), poly (butylene oxide), 
and poly (hexylene oxide); and a poly (carboxymethylcellulose) of 40,000 to 
400,000 number average molecular weight represented by poly (alkali 
carboxymethylcellulose), poly (sodium carboxymethylcelluose), poly 

26 (potassium carboxymethylcellulose), and poly (lithium 

27 carboxymethylcellulose). The drug composition can comprise a 

28 hydroxypropylalkylcellulose of 9,200 to 1 25,000 number average 

29 molecular weight for enhancing the delivery properties of the dosage 



13 
14 

15 



18 
19 
20 
21 
22 
23 
24 
25 



WO 97/37640 



27 



PCT/US97/0449S 



6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 



1 form as represented by hydroxypropylethylcellulose, 

2 hydroxypropylmethylcellulose, hydroxypropylbutylcellulose. and 

3 hydroxypropylpentylcellulose; and a poly (vinylpyrrolidone) of 

4 7,000 to 75,000 number average molecular weight for enhancing 

5 the flow properties of the dosage form. 
The push-displacement composition in contacting layered arrangement 

7 comprised a polymer that imbibes an aqueous or biological fluid and swells to 
" push the drug composition through the exit means from the dosage form 
Representative of fluid-imbibing displacement polymers comprise a member 
selected from the group consisting of a poly (alkylene oxide) of 1 ,000,000 to 
15,000,000 number average molecular weight as represented by poly 
(ethylene oxide) and a poly (alkali carboxymethylcellulose) of 500,000 to 
3.500,000 number average molecular weight wherein the alkali is sodium 
potassium or lithium. Examples of further polymers for formulation, the push- 
d.splacement composition comprise osmopolymers comprise polymers that 
form hydrogels such as Carbopol® acidic carboxypolymer, a polymer of 
acrylic and cross-linked with a polyallyl sucrose, also known as 
carboxypolymethylene and carboxyvinyl polymer having a molecular weight 
of 250,000 to 4,000,000; Cyanamer® polyacrylamides; cross-linked water 
swellable indenemaleic anhydride polymers; Good-rite® polyacrylic acid 
having a molecular weight of 80,000 to 200,000; Aqua-Keeps® acrylate 
polymer polysaccharides composed of condensed glucose units such as 
diester cross-linked polygluran; and the like. Representative polymers that 
form hydrogels are known to the prior art in U.S. Pat. No. 3,865.108 issued 
to Hartop; U.S. Pat No. 4.002.173 issued to Manning; U.S. Pat. No. 
4,207.893 issued to Michaels; and in Handbook nf m mmnn p^ fnrn 
by Scott and Roff, published by the Chemical Rubber Co., Cleveland. Ohio. 

The osmagent, also known as osmotic solute and as osmotically 
effective agent, that exhibits an osmotic pressure gradient across the outer 
wall and subcoat comprises a member selected from the group consisting of 
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sodium chloride, potassium chloride, lithium chloride, magnesium sulfate, 
magnesium chloride, potassium sulfate, sodium sulfate, lithium sulfate, 
potassium acid phosphate, mannitol. urea, inosital, magnesium succinate, 
tartaric acid raffinore, sucrose glucose, lactose, sorbitol, inorganic salts, 
organic salts and carbohydrates. 

Exemplary solvents suitable for manufacturing the hydroactivated layer 
and the wall comprise inert inorganic solvents that do not adversely harm the 
materials, the capsule, and the final laminated wall hydro-activated layer. 
The solvents broadly include members selected from the group consisting of 
aqueous solvents, alcohols, ketones, esters, ethers, aliphatic hydrocarbons, 
halogenated solvents, cycloaliphatic. aromatics, heterocyclic solvents and 
mixtures thereof. Typical solvents include acetone, diacetone alcohol, 
methanol, ethanol, isopropyl alcohol, butyl alcohol, methyl acetate, ethyl 
acetate, isopropyl acetate, n-butyl acetate, methyl isobutyl ketone, methyl 
propyl ketone, n-hexane, n-heptane, ethylene glycol monoethyl ether, 
ethylene glycol monothyl acetate, methylene dichloride, ethylene dichloride, 
propylene dichloride, carbon tetrachloride nitroethane, nitropropane 
tetrachloroethane, ethyl ether, isopropyl ether, cyclohexane. cyclooctane, 
benzene, toluene, naphtha. 1,4-dioxane, tetrahydrofuran. diglyme, water, 
aqueous solvents containing inorganic salts such as sodium chloride, 
calcium chloride, and the like, and mixture thereof such as acetone and 
water, acetone and methanol, acetone and ethyl alcohol, methylene 
dichloride and methanol, and ethylene dichloride and methanol. 

The semipermeable wall and the subcoat of the dosage form can 
be formed in one technique using the air suspension procedure. This 
procedure consists of suspending and tumbling the bilayer core in a current 
of air, an inner subcoat composition and an outer semipermeable wall forming 
composition, until in either operation the subcoat and the outer wall coat is 
applied to the bilayer core. The air suspension procedure is well-suited for 
independently forming the wall of the dosage form. The air suspension 
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. Procedure * described In U.S. Pat No. 2,799.241; in .Uta^tatU^, 

Vol. 48. pp. 451 to 459. (1959); and, ibid. Vol. 49. pp. 82 to 84 (1960) 
3 The dosage form also can be coated with a Wurster® air suspension coater 
« usmg for example, methylene dlchloride methanol as a cosolvent 
• An Aeromatic® air suspension ooater can be used employing a oosolven, 
OUter coahng techniques, such as pan coakng. can be used for providing 

dosage form. ,„ the pan coating system, the subcoa. on the wat, forming 
composthons are deposited by successive spraying of the respecrive 
compensation on Ihe bitayered core accompanied by tumbling in a rotating 

*.n. Apancoalerisusedbeoauseofteavai^atcommercialscale 
omer ,e chniquea can be used for coating ,he drug core. Finatly, the 
coated dosage form are dried in a forced air oven at 40-C. for a week or in 
» a temperature and humidky conlrolted oven for 24 houts at 40-0. and 50% 
« relative humidity to fee the dosage form of solvent. 

The dosage form of the invention is manufactured by standard 
techniques. Fro example. i„ one manufachtre, the beneficial drug and other 
" ' n9reden,S « «ng the ex, means are btended and 

pressed into a solid layer. The iayer possesses dimensions tha, correspond 
- o the interna, dimensions of me area Ihe layer is ,„ occupying me dosage 
» orm and it aiso possesses dimensions cerresponding to the second layer for 

I TS bl TT 9 aran9ement ,herewi,h - The and * 

can be blended also with a solve™ and mixed into a solid or semisolid form by 

27 me,h0d8 ' SUCH " ballm "" n9 ' " n9 ' ^ ' 

and then pressed into a preselected shape. Next, a layer o, osmopolymer 

!° mP0S * i0n is placed in «** wim me layer of dtug in a tike manner 
» The layering of the drug fomtularion and me osmopotymer layer can be 
» abncated by conventional two-layer press techniques. The two contacted 
layers are firs, coated with a subceat and an outer semipermeable wall 
The a,r suspensions and air tumbling procedures comprises in suspending 
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and tumbling the pressed, contacting first and second layers in a current of 
air containing the delayed-forming composition until the first and second 
layers are surrounded by the wall composition. 

In another manufacture, the dosage form is manufactured by the wet 
granulation technique. In the wet granulation technique, the drug and the 
ingredients comprising the first layer or drug composition, are blended using 
an organic solvent, such as denature anhydrous ethanol, as the granulation 
fluid. The ingredients forming the first layer or drug composition are 
individually passed through a preselected screen and then thoroughly 
blended in a mixer. Next, other ingredients comprising the first layer can 
be dissolved in a portion of the granulation fluid, the solvent described above. 
Then, the latter prepared wet blend is slowly added to the drug blend with 
continual mixing in the blender. The granulating fluid is added until a wet 
blend is produced, which wet mass blend is then forced through a 
predetermined screen onto oven trays. The blend is dried for 18 to 24 hours 
at 24°C. to 35°C. in a forced air oven. The dried granules are then sized. 
Next, magnesium stearate is added to the drug granulation, it is then put 
into milling jars and mixed on a jar mill for 10 minutes. The composition is 
pressed into a layer, for example, in a Manesty® press. The speed of the 
press is set at 20 rpm and the maximum load set at 2 tons. The first layer 
is pressed against the composition forming the second layer and the bilayer 
tablets are fed to the Kilian® dry Coata press and surrounded with the drug- 
free coat, followed by the exterior wall solvent coating. 

Another manufacturing process that can be used for providing 
the compartment-forming composition comprises blending the powdered 
ingredients in a fluid bed granulator. After the powdered ingredients 
are dry blended in the granulator, a granulating fluid, for example, 
poly(vinylpyrrolidone) in water, is sprayed onto the powders. The coated 
powders are then dried in the granulator. This process granulates all the 
ingredients present therein while adding the granulating fluid. After the 
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i iZHT dried ' a ' ubrican, such as s,earic acid or - - 

zrr r nuia,ion ' usin9 a v - b,en<ter - The « - ~ 

J in the manner described above, 
i 
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substanl PraV,<teS 3 ^ ** "*»» "* 

s^n« nonran , ing ^ of re , ease of a dnjg ^ a 

^ a T T C ° mPriSeS 8 C ° mP0SBi0n ' 9 *~ <**«' in - -Po^on 
and a hydrophiiic pointer in ,he compost, and wherein tne process 

271 T ^n™*™*-"*™ bating me compost 
w* a hydrops polymer possessing . ^ ^ up ^ 

250 m,crons. hereby, through ft. copresence of (1, and (2) in ,he 
» composition. ,he drug is delivered as the substantially uniform and 
-6 nonvarying rate of release from the dosage form. 
" The invention provides also a process for substantially uniform 

■a substanfelly nonvarying ra ,eo. re ,ease of a drug from a dosage form 

- ^^"dsagefon.compnsesacomposition.adoseofdrugLe ' 

- ^position, a Hydtophilic polymer in me compost, and a compose 
fcr*sp,ac,ng the drug compost from me dosage form, and wherein the 

Zee ""a'**™" a drug possessing 

a pamcle s E e up to and including ,50 micron, (2, formulating the 

" C 7 0Si,i0n "* a "^P 1 * Po^er possessing a particle size up to 

- and , ncludin8 150 m|crons whereby ^ copresence ^ 

- 2 m combinadon w*h the composMon for dicing the drug composition 
.mb,b,ng flu ,d, expanding and displacing the drug composition from the 

» osage tan. The drug is delivered at a substantia,* uniform and nonvarying 
29 rate of release over time. 9 
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The invention comprises also a method for delivering a drug to a 
patient, wherein the method comprises: (A) admitting orally into the patient a 
dosage form comprising: (1) a semipermeable wall that surrounds and forms 
a compartment; (2) a drug composition in the compartment; (3) a dose of 
drug particles up to 150 micron in the drug composition; (4) a hydrophilic 
polymer of up to 250 micron in the drug composition; (5) an exit in the 
semipermeable wall; (B) imbibing fluid through the semipermeable wall 
into the drug composition whereby through the coaction of (2) and 
(3) a dispensable drug composition is formed in the dosage form; and 
(C) delivering the drug composition through the exit to a patient at a 
substantially uniform and nonvarying dose over time. 

The invention comprises further a method for providing a drug-free 
interval by placing a subcoat in the dosage form in contact with the inside 
surface of the semipermeable wall and surrounding the drug composition, 
or surrounding both a drug composition and a push composition, which 
drug-free interval is followed in 2 to 5 hours by a drug delivery period of 
1 to 15 hours. The latter method is indicated for the treatment of 
hypertension and angina as it provides a drug-free interval when a patient 
is less active, thus, at rest or when asleep, and the inventive method then 
provides drug during the rising and waking hours mainly during the time 
when activity reaches a maximum during the daytime hours. 

The method of the invention pertains also to the management of 
blood pressure, the management of the systemic physiology, and to the 
management of chronotherapy, that is timetherapy by administering a 
drug according to the mode and the manner of the invention. 

The novel dosage form of this invention uses dual means for the 
attainment of precise release rate of drugs that are difficult to deliver in the 
environment of use, while simultaneously maintaining the integrity and the 
character of the system. While there has been described and pointed out 
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features and advantage, of the invention, as applied to the presently 
Pre e^ embodiments. ,hose skilled In .he dispensing art wll, appreciate 
ha -ous moditeHons, changes, additions, and omissus in ,he sy s,em 
— and described can be made wKhou, departing from ,he spirt o, 
the invention. 
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1 • A process for providing a substantially uniform drug rate of 
release from a dosage form, wherein the dosage form comprises a 
composition, a dose of drug in the composition, and a hydrophilic polymer 
in the composition; and wherein the process comprises (1) formulating the 
composition with a drug possessing a size less than 150 micron, and 
(2) formulating the composition with a hydrophilic polymer of less than 
250 micron; whereby, through the copresence of (1) and (2) in the 
composition, the drug is delivered at a substantially uniform rate of release 

11 from the dosage form. 

12 2 Tne Process for providing the substantially uniform drug rate of 
release from the dosage form according to Claim 1, wherein the composition 
is enveloped by a wall comprising means for releasing the drug from the 

15 dosage form. 

16 3 - The Process for providing the substantially uniform drug rate of 

17 release from the dosage form according to Claim 1 , wherein the composition 
is is surrounded by an outer wall and an inner subcoat, with means in the 

is dosage form for releasing the drug from the dosage form. 

4. A process for providing a substantially uniform drug rate of 
release from a dosage form, wherein the dosage form comprises: a drug 
layer comprising a dose of drug and a hydrophilic polymer, and, a dispensing 
layer comprising means for dispensing the drug layer from the dosage form; 
and wherein the process comprises formulation, the drug layer with a drug 
processing a particle size up to 150 microns and with a hydrophilic polymer 
possessing a particle size up to 250 microns; which, through the cooperation 
of the drug particles and the hydrophilic polymer particles and the dispensing 
layer assisting the drug layer, the drug is delivered at a substantially uniform 
29 rate of release from the dosage form. 
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The process for promoting a substantial!/ uniform drug rate of 
release according to Cairn A. wherein the hydrophilic potymer particle 
3 co.pera.es with the drug pamcie as a pharmaceutic* carrier for deiivering 
< the drug from the dosage form. 



s 6. 



The process for providing a substantially uniform drug rate of 
release according to Claim 4, wherein the dispensing layer assists in 
7 d,splacin 9 the drug layer from the dosage form. 

7. The process for providing a substantially uniform drug rate of 
9 r6 ' eaSe aCC ° rdin9 10 C,aim «■ herein a wall encases both the drug layer 
- and the dispensing layer and comprises means for releasing the drug from 
11 the dosage form. y 



12 8. 



The process for providing a substantially uniform drug rate of 
- release according to claim 4, wherein a wall surrounds the drug layer and the 

spe nsi layer> and tne dosgge form comprjses exjt ^ ^ 
is the drug from the dosage form. 

17 9- A dosage form for the delivery of a drug, wherein the dosage 

18 form comprises: 

9 (a) a composition; 

(b) a dose of dru 3 of less than 150 microns in the 

21 composition; 

(C) 3 h y dr °Philic polymer of less than 250 microns in the 

23 composition, 

(d) a wa " com Pnsing a composition permeable to the 
- Passage of fluid that surrounds the dose of drugs and the hydrophobic 
26 polymer; and 

I unifo™ , meanSinth6Wa '^^^ 
28 umform rate from the dosage form. 
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1 0. A dosage form for the delivery of a drug, wherein the dosage 
form comprises 

(a) a drug composition; 

(b) a dose of drug of less than 1 50 microns in the drug 

composition; 

(c) a hydrophilic polymer of less than 250 microns in the 
drug composition; 

(d) a coat that surrounds the drug composition comprising 
means for delaying release of drug from the drug composition; 

(e) a wall comprising a composition that surrounds the coat; 

and, 

(f) means in the dosage form for delivering the drug from the 
dosage form over time. 

1 1 . The dosage from according to Claim 1 0, wherein the drug is a 
member selected from the group consisting of verapamil, nifedipine, 
nilvadipine, flunarizine, nimodipine, diltiazem, nicardipine, nifedipine, 
nisoldipine, felodipine, amlodipine, isradipine, cinnarizini and fendiline. 

12. The dosage form according to Claim 1 0, wherein the drug is a 
member selected from the group consisting of ramipril, fusinopril, altiopril, 
benazepril, libenzapril, alacepril, cialzapril, cilazaprilat, perindopril, zofenopril, 
inalapril, lisinopril, imidapril, spirapril, rentiapril, captopril, delapril, olindapril, 
indalapril and quinapril. 

13. A dosage form for the delivery of a drug, wherein the dosage 
form comprises: 

(a) a drug composition comprising a drug of less than 
150 micron size and a pharmaceutically acceptable hydrophilic polymer 
carrier of less than 250 micron size for this drug; 
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(b) a displacement composition in contact with the drug 
* composition comprising means for causing fluid to enter the displacement 



3 



composition whereby .he displacement composition increases in volume and 
' displaces the drug composition from the dosage form; 

(c) a wall comprising means for permitting a fluid to enter the 
• dosage form that sunounds the drug composition and the displacement 

7 composition; and 

8 (d) means in the wall for delivering the drug as a 

9 substantially uniform rate over a dispensing time. 

14. The dosage form for delivering the drug according to Claim 13 
< 1 wherein the drug is a member selected from the group consisting of a calcium 
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channel blocker and an angiotensin enzyme inhibitor. 

15. The dosage form for delivering the drug form for delivering the 
drug according to Claim 13, wherein this drug is a member selected from the 
group consisting of alpha receptor blocking drugs, beta receptor blocking 
drugs, antianginal drugs, antiarrhythmus drugs, antiembolus drugs 
ant.hypertensine drugs, digitalis drugs, hemorheo.ogic drugs, inotropic drugs 
myocardial infarction prophylaxis drugs, cerebral vasodilators, coronary 
vasodilators, peripheral vasodilators, and vasopressor drugs. 



16. A dosage form for delivering a drug orally to a patient in need 
« of a drug, wherein the dosage form comprises: 

22 
23 
24 
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26 
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26 



(a) drug composition comprising a drug having a particle 
s-ze up to and including 150 microns, and a hydrophilic polymer carrier 
havng a particle size up to and including 250 microns for the drug; 

(b) a displacement composition in contrast with the drug 
composrtion and comprising a polymer that expands in the presence of fluid 
for d,splacement the drug composition from the dosage form; 

(c) a coat free of drug that surrounds the drug and the 

* d,splacement composition for slowing the passageway of fluid into the dosage 
30 form; s 
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1 (d) a wall that surrounds the coat and is permeable to the 

2 passage of fluid; and, 

3 (e) means in the dosage form for delivering the drug from the 

4 dosage form at a substantially uniform rate over time. 

s 17. The dosage form for delivering the drug according to Claim 1 6, 

e wherein the drug composition comprises an antioxidant. 
7 1 8. The dosage form for delivering the drug according to Claim 16, 

s wherein the drug composition comprises a surfactant. 

9 19. The dosage form for delivering the drug according to Claim 16, 

10 wherein the drug in the drug composition is a member selected from the 

11 group consisting of verapamil, isradipine, nifedipine, nilvadipine, flunarizing, 

12 nimodipine, diltiazem, nicardipine, nifedipine, nisoldipine, felodipine, 

13 amlodipine, cinnarizine, fendiline, prazosin, clonidine, pinacidil, and alfuzosin. 

14 20 - Th © dosage form for delivering the drug according to Claim 16. 
is wherein the drug is a member selected from the group consisting of quinapril, 

16 indalapril, olindapril, delapril, captopril, rentrapril, spriapril, imidapril, lisinopril, 

17 enalapril, enalaprilat, zofenopril, perindopril, cilcizaprilat, cralzapril, alacepril, 
is libenzapril, benazepril, altropril, fosinopril, and ramipril. 
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